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Evaluation of Maneuvering Performance of a Fishing Training Vessel Using

Simulation and Model Tests
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Simulations and model tests were conducted to evaluate the maneuverability of the training vessel Saedongbaek. As
the first training vessel to comply with the special purpose ship code, it was equipped with a controllable pitch pro-
peller and a flap rudder to enhance maneuvering performance. The Shipgen simulation results were compared with
model tests conducted at the Swedish State Shipbuilding Experimental Establishment. In particular, turning and zig-
zag tests were performed under both one-pump and two-pump operating conditions of the steering gear hydraulic sys-
tem. The results demonstrated that the two-pump condition provided better maneuverability, with a smaller tactical
diameter and shorter advance. Similarly, the zig-zag tests indicated faster and more accurate steering responses under
two-pump conditions. In all cases, the starboard tactical diameter was larger than that of the port side, suggesting
better turning performance toward port. Although the vessel is <100 m and is not strictly subject to IMO standards, it
still satisfied most criteria, with the two-pump condition meeting all requirements. Furthermore, the simulation and
model test results exhibited similar trends, confirming the reliability of the analysis.
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Fig. 1. Procedure for estimating ship maneuvering performance using shipgen program.
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Fig. 2. Lines plan of a fishing training vessel. CL, Center line; T,
Draft.



oJALH 25 A B} 243
BGEnE B Circle.Te - L]
File Edit Tree Simulation View Window Help
Ol(@) «|nle| 8] OfS|h|5[wlsk|wiwla] ||| [ <]
£ Bl g Circle e LB
FEJ‘lHIdenIiy Igiﬁaaﬁ‘.le ed
E:?mu“ncucumm %EE’E?E’?"::’
TRt T
(N gt Tocicadamete
[ ®3 Roference test
(@2 TMO test conditions Fmal spaed
Turming rate
Final tme
X(m] T —
7l t 1
S===
W N T -
Vi Prtnge e "
o . ;.
5 - i '
9 % Tl;ﬁo
\ ,yeelanglemgg s
1 / i 200 30 00
20 70 a0 Y{m] -2 - TIs)
= 7| I == |
L e i
200 3 | [
Ready Simulation Mode | [NUM |
Fig. 3. The Shipgen program used for maneuvering performance analysis.
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Fig. 4. Shape of model ship’s rudder and propeller.

Table 1. Particular of model ship I}& L5 one pump (3.1%s) = two pump (6.2s) 271 =71
Characteristic Real ship Model ship j ;TES;:‘:?;%;% ij ‘_ﬂ]}"; j‘jjji;} ii—:{:}ii ji
Scale ratio 1 113.2 = oot Eee e crliTTe on
o] Heb e wstolt.
L.O.A(m) 96.45 7.31
L.B.P (m) 85.0 6.44 Ml 2T ds Eot 718 # IMO 7|1&E
Breadth (m) 150 114 MOt AHHe] 28 A5 wlEo2 QIsh 3%k ALs A5t
Draft (m) 52 0.39 T2} 20029 2E A% £ MSC. 137(76)S A|eiatgict
Displacement (m?) 3,893 1.69 B 7)Z22 5= 7F 100 m o|AF A8RS thAko 2 sl B ATk
L.O.A,, Length overall; L.B.P, Length between perpendiculars. ol A= A AlHte] 2% B4 ATHA 0 2 WIS} steering
gear hydro pump 71 2710 & 2F 45 Fa8= d5
Table 2. Particular of flap rudder and propeller 317 9l s 712-S 2-83}%TH Table 3). 3 W7 B7} 5
Flap rudder Propeller 9] A13] A%(turning ability)-& Z|tf) E}2} 35| 4] Aldte] 7]
Type Flap  Type cpp 5782 Bk A=, Fig. 601 Uebd Bief o] A 8]EA
Height at stock model (m) 0.27 Diameter model (m) 0.25 (advance), A13]3] 7| (transfer), A< A13]7(tactical diameter)
Chord length model (m)  0.15  Number of blades 4 S 5ol B4 E T F HA R W3 A (yaw checking) W 12 %]
Area ratio (%) 1.59  Turning direction Right AJ(course keeping ability) 7= ]38l 10°%10° 2 20°20° zig-
Pitch ratio 0.84 zag A& 53yttt Al Aol AL Fig. 79 UER gl
Blade area ratio 0.544 ™, Bz} ggol et 2ek 3 AlSAT oHEde U
CPP, Controllable pitch propeller. + overshoot angles A3t} tiA} A8k flap rudders A+

Table 3. Standards maneuverability in IMO
Ability Test IMO standard
Advance length <4.5 L

Turning ability Turning test with maximum rudder angle Tactical diameter < 5.0 L
1st overshoot angle
10°% if L/V is less than 10 s
20°, if L/V is 30 s or more; and
. (5+1/2[L/V]) °, if LIV is 10 s or more but less than 30 s
Yaw checking & 10°/10° zig-zag test

2" overshoot angle

25°,if L/V is less than 10 s

40°, if L/V is 30 s or more; and

(17.5+0.75[L/V])°, if L/V is 10 s or more, but less than 30 s

20°/20° zig-zag test 1stovershoot angle < 25°
IMO, International Maritime Organization.

course keeping ability
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Fig. 5. Photo of maneuvering performance test of a fishery training vessel.
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Fig. 6. Schematic diagram of turning test.
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Fig. 7. Schematic diagram of zig-zag test.
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dz4 5}01] AABE o1, Fig, 82 Al g do] At g AlE

=

5292 Uehd Aolck 21 2 el A
3)%7 (advance), A13]23] A (transfer), H<& 413]7(tactical di-
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Table 4. Comparison of turning motion test results for Saedong-
baek (rudder rate 3.19s)

Simulation  Model ship IMO criteria
Advance (m) 204 (24L) 213(25L) <45L
STB'D Transfer (m) 75.1 (0.883L) 67 (0.7841L)
35° :
Tactical
diameter (m) 162 (1.9L) 162(1.9L) <50L
Advance (m) 202 (2.38L) 207 (243L) <45L
PORT Tran.sfer (m) 75(0.88L) 66(0.774L)
35°  Tadlical g4 1891) 154(181L) <50L

diameter (m)

IMO, International Maritime Organization.
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Fig. 8. Comparison of turning motion between simulation and model test (rudder rate 3.1%s). a, PORT; b, STB’D.
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Ebzko] A, A A3 Al g o] AT By Al B Y
M 162 mE A E o, A5E7= g AFo] 213 mE
AlEe|o]4 9] 204 mE T F 9 m (4.41%) ZA LrEbgth A3
7= 2y AdolM 67 m, AlEH o] A A= 751 m & 8.1
m (10.79%) Xol 2 Rgic}. 3, 23 9 93 457 9] vl
A, AlElol ol A= & (162 m)o] FHH(161 m)E e A&
o] oF 1 m (0.62%) A1, =& Al A= & (162 m)o] &
& (154 m)ch 8 m (5.2%) 2A Uetslth o] Folf F+ A3
oA 9@ sl o] 2 Mol vt A FAHS =
g 4= Q)i

AlZ2[o[Mnt 2 Al M3| ds Hlw(Two pump:
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One pump A& o]o] two pump A7 0 &2 Aehel 5, &%
A 35° BbZt 2704 AlEElo] A Y AlE-S 3kt
3 A= Fig. 9 9 Table 59 YEFY 212 ™, one pump A &
EUSHA AlEdo] At g A 1F o A3lEA, A3
A, A A3 S vlaskglty. A 2= 25 IMO9| =
T T 7S WSS A0 R YT

2 35° B} 7ho) A, A A3 AlEe|o] Aol Al 157 m,
W3 AlollA] 154 mE Uel Alggo]d A7t A Fo] oF
3 m (1.95%) 2A Ykt A3EA= 190 m= AlEd ol 4
181 m=t} 9 m (4.97%) 2A et on], A3 A= 29 Al
Fo] 65 m, A|EF 0|40l 74 mE 9 m (12.16%) &7 Lrehst

B et

o}, & 35° ebzhe] A, A& A3 AlEE 0]40] 159 m,
=y Aol 160 m= #9] FU gHS Hoth AT AE 2
3 Ao 196 m= A1 EH o)A 187 mET} 9 m (4.81%) ZA|
Ureb o, A8 A= 13 Al o] 66 m, AlEdH|o]4o] 74.8
m= 8.8 m (11.77%) Al Yelstth. One pump A3 vzt
A2 HET} F mRol A A3]8A 9| zfo)7} thE WS
o} A vrebgteh # ) 3o vl Aa AlEelolde] A
% AIAL HE 157 m, 8 159 mE & o] &F2m (1.27%)
A vebgeh 2 g AES HE 154 m, & 160 mz -3 o]
6 m (3.9%) © ZA YesTh One pump A F 2t npz71A| 2
two pump 710 A &= 9-& A 3]Ho] 2 A3 HETt 27 §
3= Aol ekt

Fig. 109} Fig. 112 AlZ ol 23 XS S w3 H
3] s 23S vebd 2122, one pump 9 two pump =71

Table 5. Comparison of turning motion test results for Saedong-
baek (rudder rate 6.2%s)

Simulation  Model ship IMO criteria
Advance (m) 187 (2.2L) 196(2.3L) <45L
STB'D Transfer (m) 74.8(0.88L) 66 (0.775L)
35° :
Tactical
diameter (m) 159 (1.87L) 160(1.89L) <50L
Advance (m) 181(2.13L) 190(2.24L) <45L
PORT Transfer (m) 74 (0.87L) 65 (0.769L)
" )
35°  Tactical 157 (1.85L) 154(181L) <50L

diameter (m)
IMO, International Maritime Organization.
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Fig. 11. Comparison of model test results for turning motion with one pump and two pump systems. a, PORT; b, STB’D.
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10°/10° zig-zag test Z-E AlEdo]Ad} & A|Eo= vl
ek AA& Uekd Aol 1% overshoot angle> Al& o] Alo]|
A1 11.6°, 28 Aol A 11.8°2 0.2° 2Fo] S KL, 2 over-
shoot angle Z}2} 19.5°, 21.9°% 2.4° Z}o]& LERT) WhA,
two pump 27| A= 1% overshoot angle A& 0] A 9.4°,
2 A1E 9.6° 2 0.2° 20| & B ¥ a1, 2™ overshoot angle2 Z}
7415.9°, 17.8°8 1.9° 20| = B9t} AHFA © 2 two pump 2
Aol A Algeol At B A2 mi$- AR AaHE U
o, YA o] 7k E3t FU HEZ Hlry F AY WF oF
10 s FEof| A EfZ} tﬁi}i g AR 71&7] M3kt G451
et o™, 20 s oA 1 overshoot angle©] BHAY5}$I T
0]35 ok 70 s HL ]/\1 2™ overshoot angleo| A sh= 5 A7t

Nl N @
NS
- Mo

Table 6. Comparison of 10°/10° zig-zag test results for the Saedongbaek

Simulation  Model ship L/V (s) IMO criteria
One pump 1stovershoot angle (°) 11.6 11.8 < 11.2 (5+1/2[LIV])
STBD (Rudder: 3.1%s) 2% overshoot angle (°) 19.5 21.9 1231 < 26.7 (17.5+0.75[L/V])
Two pump 1stovershoot angle (°) 94 9.6 <11.2 (5+1/2[L/V])
(Rudder:6.2°/s) 2 gyershoot angle (°) 15.9 17.8 < 26.7 (17.5+0.75[L/V))

IMO, International Maritime Organization.
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Fig. 13. Comparison of zig-zag test results of the model ship with one pump and two pump system. a, 10°/10° zig-zag test; b, 20°/20°, zig-

zag test.

o = ’534 ]%4 Lol A FAY
A Uebdes 291d —/F UTE SH 2 B2ES 20° Fo
Sh= zig-zag test A= Al & 0] A1} g /\] Z}z}o]| tfsi
Table 7°i YERH 2Tt One pump A]2A Eﬁj‘% o3t Al of|A|
1% overshoot angle> Al Ed| o] A Aul7}29.8° & Vehd v,
1 Aol A= 26.0°2 oF 3.8°2] 2ol = 2.3tk Two pump
Al 2L o] 83t A% 9] 79, 1% overshoot angle> Al&EH| 0]
Aol A 22.6°, 13 AlRdollA] 18.3°%, = A}k 7t oF 4.3°9] Z}o]
7} BFol =] AT, 20%/20° zig-zag testi= 10%/10° A g o]l 8|3 Al &
o]z}t 13 AJF 7t overshoot angle®] Aek2] 2}o|7} tha

A LER .

One pump2t two pump A|ARIS| zig-zag =5
s Hlu

01-)1
o
0

o}l
ﬂl

£

ﬁ

é

One pump2} two pump A| A8)-S- 283 g A 2] zig-zag
7 ¥ AR Fig, 130 UERA9IT. 25 452 B7Hsks
F9 #|#el 1* W 2% overshoot angleS 7|Fo 2 HAGH A
T}, one pump A|AE A= 1% overshoot angleo] IMO 7|5
= TA5HA 2o YR BRSSO L, two pump A[AF

o A= 1% & 2% overshoot angle &5 IMO %% A% 7|2
hESH= A 0 2 UEhytth T Al 48] 25 10%10° zig-zag test

ol A GRS 12 9] ek Bl o, 1% overshoot angleS F
20 s 733 A - of| A WA s)aL, 2% overshoot angle= 2F 70 s A

Table 7. Comparison of 20°/20° zig-zag results for the Saedongbaek

Aol A== 3 AXE R s el =3 20920°
zig-zag testo]| A I 5= A| 8l 71 overshoot angle®] 4 7F4] 2}o]
= U ZASFAAIE A4 3] [AIA Q] S5 2 overshoot
angle®] WY AJR-S FARSE HaFS H el o] Bhzto] AA
TE 59 vlAg o] Z7FeH A overshoot angle®] HAF7| &}
E S-S AAFSH, two pump A|AElo] 23 w184 1l 2
2 5 Qs SHoA dHH o2 L3t S T l= AL
2 getEch

Aol A] 5 o LA BB 0] Al B old 9 1
2 RAT AT, A0 2 AL o
kol

CREEEEELEE
S8R B4 Yol 28t A% 7|42 44247
7l sl Al 4ol ol 2992 sz

4= QQleh $-Al steering gear hydro pump A% of] w2 7]54]
W3S Al B, turning test@} zig-zag test 27} 5ol A two
pump A|2:o] one pumpol| ]| BH13| 0423t 2% SthA
S Bth E3| two pump X0l A3]EA (advance)7 5
oJu|s}A] ZFolA] AL overshoot angle©] 748t A1-2 pump 37}
7lso.2 Q8] ezt HEE(rudder rate)©] 3.1%s0l4] 6.2%/s2
Feshe ZEP|7F i Ao Bdshs ARl ©EE QY
wiolch. ©]7] 4] two pump®] BH} 425 one pump®] 8}

Simulation ~ Model ship LV (s) IMO criteria
One pump (rudder: 3.1°/s) 1stovershoot angle (°) 29.8 26.0
STB'D 12.31 <25
Two pump (rudder: 6.2°s) 1stovershoot angle (°) 22.6 18.3

IMO, International Maritime Organization.
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